Introduction
Stepwise spontaneous mutations occur in herpes simplex virus type 1 (HSV-1) to give rise to a virus expressing extensive cell fusion (Yamamoto et al. 1972) . Fresh isolates of HSV-1 cause rounding and clumping of infected cells. These isolates yield mutant viruses after several passages in cultured cells which still cause rounding of cells but form larger plaques.
Further proliferation of the virus in cells produce viruses which exhibit an extensive cell fusion and form very large plaques.
Such a virus strain, derived from HSV-1 strain YH, was designated G7471. The cross between G7471 and a cloned virus from a fresh isolate (strain YH) yielded a number of progeny viruses which produced plaques of intermediate size. This result indicates that the fusion character of HSV-1 is determined by more than two genes. This conclusion was strengthened by the results of recombination experiments on plaque morphology combined with iododeoxyuridine-resistance (Yamamoto and Kabuta, 1976) . To investigate the genes related to the cell fusion event, many mutant viruses which cause cell rounding (r mutant) were isolated from G7471 by growing the viruses in the presence of bromodeoxyuridine.
Complementation experiments using these r mutants revealed that the mutants can be arranged into four complementation groups (Yamamoto and Kabuta, 1977) , indicating that at least four genes affecting cell fusion are involved in the HSV-1 genome. Four complementation groups were further added by the use of r mutants isolated from fusion strain G51 derived from HSV-ET AL. r436 (H).
Fine mapping of r2 (E) and r436 (H)
As the loci of two r mutants belonging to group E and H have been found to locate in the same fragment, EcoRI-d, an attempt was made to differentiate between them. EcoRI-d fragment of G7471 was further digested into smaller fragments with other restriction endonucleases. The subf ragments obtained were cloned into pUC 119 and served for marker rescue experiments.
Subf ragments d1 (9.0kb), d2 (1.6kb) and d3 (6.1kb) were obtained by BamHI digestion of the Eco RI-d fragment (16.7 kb) and only fragment d 3 was able to rescue both r2 (E) and r436 (H) as shown in Fig. 1 . Fragment d 3 were, therefore, divided with Pst I into three smaller fragments, d 4 (0.4kb), d 5 (5.2kb) and d 6 (0.5kb), and the marker rescue was carried out. r2 (E) was rescued by fragment d4, while r436 (H) was rescued by fragment d5, as illustrated in Fig. 2 . Four restriction fragments were obtained Marker rescue of r mutants with EcoRI fragments from G7471 DNA 1) plasmid containing a given fragment. 2) letter in parenthesis represents complementation groups to which the r mutant belongs. 3) Numbers represent the frequency of marker rescue as the percent of fusion plaques in the progeny. In the lower part, the region containing each r mutation is shown on HSV-1 genome.
The triangles represent the loci previously reported as fusion genes.
from fragment d 5 by digestion with Sac I as illustrated in Fig. 3 . Of these, only the fragment d9 (1.2kb) was able to rescue r436 (H). Fragment d 9 was further divided into two subfragments, d 12 and d13, with Sph I, and also into two subfragments, d 14 and d 15, with Sma I. It was found that r436 (H) was rescued by fragments d 13 (0.4kb) and d 14 (0.8kb), indicating that the mutation site was located in a very small region overlapped with fragments d 13 and d 14 (Fig.3) . The fragment d 4 which rescued r2 (E) is involved in UL 10 of HSV-1 genome (McGeoch et al. 1988 ) but a short sequence of the left side of this open reading frame overlaps with UL 9. An attempt was made, therefore, to determine in which r 2 mutation is involved by comparison of the base sequences of the left side of fragment d 4 and of the same f ragment from strain r2. The overlapping sequence in fragment d 4 of wild type G7471 was identical with that of mutant r2: GGATCCCCCG ACTCCGCGCC CCCCACGAAA GGCATG. This result demonstrates that the mutation of r 2 (E) is involved in the non-overlapping sequence in fragment d 4, leading to the conclusion that the mutation is involved in UL 10.
Although it is clear that the fragment r 13 was involved in UL 13, an attempt was also made to sequence the overlapping region of fragment d 13 and d 14 (the sequence flanked by Sph I and Sma I sites) to identify the mutation site. In this case, the marker rescue experiment has been carried out between non-iso- (Table 2) . Ruyechan et al. (1979) suggested that viral membrane proteins form interactive complexes and that mutation in any one component of the complex may alter the structure and function of the entire complex. The fact that the virus with fusion function is produced by double infection with the original strain YH and the r mutant agrees with their hypothesis (data not shown). Thus we need to gain a variety of strains with fusion phenotype provided that fusion genes will be identified by marker transfer or rescue between the virus with fusion phenotype and the parent virus. However, the use of r mutants as described in the present study will make possible to identify practically all genes that affect cell fusion.
It was demonstrated that six r mutations were located in five EcoRI f ragments. Six out of eight genes reported previously were involved in four EcoRI fragments, EcoRI-b, -c, -g, and -h. The novel mutations of r2 (E) and r436 (H) were involved in EcoRI-d fragment, and the loci were found to be involved in open reading frames UL 10 and UL 13. Genes UL 10 and UL 13 encode a multiply hydrophobic protein (McGeoch et al. 1986 ) and a phosphoprotein (Overton et al. 1992) . At the present time, however, we have no evidence as to whether these proteins are associated with fusion function or not. Although the results obtained in this study suggest strongly that the novel two genes correspond to UL 10 and UL 13, the possibility of unidentified genes which overlaps with UL 10 and UL 13, respectively, remains.
